Aerobic and anaerobic bacteria isolated from human axillae were tested for their capacity to adhere to buccal epithelial cells, immortalized human epithelial (HEp-2) cells, and undifferentiated and differentiated human epithelial cells. In general, both aerobic and anaerobic diphtheroids adhered better to differentiated human epithelial cells than to HEp-2 and undifferentiated human epithelial cells (P < 0.05). Mannose, galactose, fucose, N-acetyl-D-glucosamine, and fibronectin were also assayed for their capacity to inhibit the adherence of diphtheroids to human epithelial cells. A great deal of variability was observed in the capacity of the latter compounds to inhibit the attachment of aerobic diphtheroids to undifferentiated and differentiated epithelial cells. Overall, mannose appeared to be best at inhibiting the adherence of the aerobic diphtheroids to undifferentiated human epithelial cells. Galactose, fucose, N-acetyl-D-glucosamine, and fibronectin showed a greater capacity to inhibit attachment of aerobic diphtheroids to differentiated than to undifferentiated human epithelial cells. The inhibition of adherence to differentiated human epithelial cells varied with the microorganism and the compound tested; however, the highest and most consistent inhibition of adherence (76.1 to 88.6%) was observed with a 5% solution of N-acetyl-D-glucosamine. The in vitro adherence and adherence inhibition assays presented here demonstrate that a number of adhesins and receptors are involved in the adherence of skin bacteria to human epithelial cells and receptors on human epithelial cells are apparently altered during differentiation.
The bacterial flora of skin consists primarily of staphylococci, micrococci, corynebacteria, and propionibacteria (12) . The distribution of these skin bacteria in normal healthy individuals has been detailed previously (12, 13) . The number and kind of bacteria present on skin vary with the site cultured, sampling and culture methods utilized, availability of moisture, nutrients, pH, and body temperature (2, 12). The axilla is one of the body sites that supports a large population of bacteria and is an ideal area in which to study skin microflora. The presence of eccrine and apocrine sweat gland products and moisture in the axilla provide a diversity of nutrients that supports the growth of a variety of nonlipophilic and lipophilic microorganisms (11, 13) . Lipophilic corynebacteria are found in high numbers in the axilla (2, 9, 16) . Despite the fact that many studies have quantitated and classified these bacteria, very little is known about the chemical basis for adherence of these diphtheroids to epithelial cells (9, 13, 16, 23) . In the present study, samples from the axillae of 10 human volunteers were cultured and the bacterial isolates were identified and quantitated. From these isolates, aerobic and anaerobic diphtheroids were tested for their capacity to adhere to buccal epithelial cells (BEC), HEp-2 cells, and undifferentiated and differentiated human epithelial (HE) cells. HE cells in vitro can be induced to differentiate into keratinocytes (20, 22, 24) . In addition to the adherence assays, several compounds were tested for their capacity to inhibit adherence of diphtheroids to the HE cells used in the in vitro adherence assays.
MATERIALS AND METHODS
Microorganisms. Skin 
RESULTS
Microorganisms. Forty-nine aerobic and anaerobic microorganisms were isolated from the axillae of 10 healthy male and female human volunteers (Table 1) . As a group, the staphylococci were most frequently isolated, and Staphylococcus hominis was isolated from 8 of the 10 volunteers. Lipophilic aerobes and anaerobes were isolated from 7 of 10 subjects (Table 1 ). The number of bacteria isolated varied widely: 5.0 x 102 to 2.9 x 106 CFU/ml per 3.8 cm2 for lipophilic aerobes and 2.0 x 102 to 5.0 x 106 CFU/ml per 3.8 cm2 for lipophilic anaerobes. All anaerobes isolated from the 10 subjects were lipophilic. Nonlipophilic aerobes predominated in all of the subjects, and a wide concentration range (4.0 x 101 to 6.9 x 107 CFU/ml per 3.8 cm2) was evident (Table 1) .
Adherence assays. Sixteen aerobic and anaerobic diphtheroids, one Streptococcus sp., and one Lactobacillus sp. were tested for adherence to BEC, HEp-2 cells, and undifferentiated and differentiated HE cells. In addition to these microorganisms, a Corynebacterium group JK, C. diphtheriae, E. coli 1677, and P. acnes were included as controls. The average number (based on six readings of two assays) of aerobic diphtheroids adhering to 20 epithelial cells is shown in Table 2 . With the exception of C. minutissimum and C. diphtheriae (SLH), the aerobic diphtheroids showed a better capacity to adhere to differentiated HE cells than to the other epithelial cells used in this study. Corynebacterium group G-2 attached well to all epithelial cells used, but attached in very large numbers to differentiated HE cells. Table 3 shows the results of the in vitro adherence of anaerobic skin isolates and a P. acnes control to the epithelial cells. The propionibacteria also exhibited a significant increase in their capacity to attach to differentiated HE cells. In general, both aerobic and anaerobic diphtheroids (Tables  2 and 3 ) adhered better to differentiated HE cells than to BEC, HEp-2 cells, and undifferentiated HE cells (P < 0.05).
Adherence inhibition studies. Mannose, galactose, fucose, NAGA, and FN were assayed for their capacity to interfere with the adherence of aerobic diphtheroids to undifferentiated and differentiated HE cells ( tration of lipid from axillary apocrine sweat supports the growth of these lipophilic skin bacteria (11, 13) . We isolated a variety of species belonging to the Staphylococcus and Corynebacterium genera (Table 1 ). The majority of axillary isolates were aerobic, and only one-fifth of the isolates were anaerobic. Flavobacterium odorans was the only gramnegative bacterium isolated. HE cells were used to study the adherence of the lipophilic isolates. In general, the aerobic diphtheroids attached better ganism tested and was not consistently high with all of the isolates tested.
With the exception of a poor capacity to inhibit attachment of C. pseudotuberculosis (isolate 1) and Corynebacterium group JK, galactose and NAGA were able to inhibit attachment of aerobic skin diphtheroids to differentiated epithelial cells better (73.3 to 95.8% inhibition; Table 4 ) than fucose and FN (but not always). In general, fucose, NAGA, and FN were consistently able to inhibit attachment of aerobic skin diphtheroids to both differentiated and undifferentiated HE cells; however, inhibition of adherence was more evident with differentiated than undifferentiated HE cells.
DISCUSSION
Gram-positive bacteria are the predominant microflora found in the axillary area of humans. The spectrum of microorganisms we isolated is in good agreement with previous reports of skin microflora in the human axilae (8, 9, 12). Of 49 isolates, 18 showed enhanced growth and pigment production when lipid supplement (0.5% Tween 80) was added to the medium. It is thought that increased concen- The use of epithelial cells derived from human skin provides a convenient in vitro model for the study of adherence mechanisms of skin microorganisms. There have been several attempts to perform bacterial adherence studies directly on human skin; however, the methodology substantially modifies the skin environment and thus its indigenous microflora (12, 16) . In addition, other normal flora microorganisms may interfere with such in situ studies, and certain skin cleansing agents could modify adhesins and receptors. The model presented herein is sensitive, specific, quantitative, and versatile and should be useful for future in vitro studies on adherence of skin microflora to HE cells.
